Searching PAJ > . Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(11)Publication number : 09-013136 
(43)Date of publication of application : 14.01.1997 



C22C 19/00 
F16F 1/02 
F16F 1/10 
604B 1/14 



(71) Applicant : SEIKO 1NSTR INC 

(72) Inventor : TAKAHASHI OSAMU 

YOSHIDA KAZUO 
OKAZAKI MASATO 



(30)Priority 

Priority number : 071 0641 0 Priority date : 28.04.1 995 Priority country : JP 



(51)Int.CI. 



(21 Application number : 08-102916 
(22)Date of filing : 24.04.1 996 



(54) SPIRAL SPRING AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a spiral spring 
high in output torque and excellent in durability and 
corrosion resistance. 

SOLUTION: A wire rod obtd. by subjecting a Co-Ni base 
alloy having a compsn. contg., by weight, 30 to 40% Co, 
27 to 36% Ni, 12 to 26% Cr, 8 to 13% Mo, respectively 0.1 
to 3% of one or >two kinds among Mn, Ti, Al and Fe, 0.5 
to 3% Nb and 0.005 to 0.05% misch metal with inevitable 
impurities to melting by vacuum melting and subjecting 
the same to cold wire drawing at 30 to 90% final working 
degree by a reverse tension wire drawing machine is 
worked into a spiral spring by using a material subjected 
to cold rolling and is thereafter subjected to aging 
treatment at 400 to 620° C in a vacuum or in a 
nonoxidizing atmosphere. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Spiral spring characterized by using work hardening and an age-hardening 
mold Co-nickel radical alloy. 

[Claim 2] A presentation is spiral spring characterized by using one sort of 30 - 40% of 
Co(es), 27 - 36% of nickel, 1 2 - 26% of Cr(s), 8 - 1 3% of Mo, and Mn, Ti, aluminum and 
Fe or two or more sorts of each 0.1 - 3%, 0.5 - 3% of Nb(s), 0.005 - 0.05% of misch 
metals, and the Co-nickel radical alloy that consists of an unescapable impurity by the 
weight ratio. 

[Claim 3] A presentation is spiral spring characterized by using the Co-nickel radical 
alloy which consists of 30.9 - 37.2% of Co(es), 31.4 - 33.4% of nickel, 19.5-20.5% of 
Cr(s), 9.5 - 10.5% of Mo, 0.1 - 0.5% of Mn, 0.3 - 0.7% of Ti, 1.1 - 2.1% of Fe(s), 0.8 - 
1.2% of Nb(s), 0.01 - 0.02% of misch metals, and an unescapable impurity by the 
weight ratio. 

[Claim 4] Spiral spring characterized by using the ingredient which cold-rolled the wire 
rod which carried out wire drawing between the colds of claim 2 and the Co-nickel 
radical alloy given in 3 any 1 terms to the 30 - 90% of the last workability expressed 
with the reduction of area. 

[Claim 5] A presentation by the weight ratio 30 - 40% of Co(es), 27 - 36% of nickel, 12 
- 26% of Cr(s), 8 - 1 3% of Mo, and one sort or two or more sorts of each 0.1 - 3% of Mn, 
Ti, aluminum and Fe In the process which manufactures spiral spring using 0.5 - 3% of 
Nb(s), 0.01 - 0.02% of misch metals, and the Co-nickel radical alloy that consists of an 
unescapable impurity The manufacture approach of the spiral spring characterized by 
an annealing process, the wire-drawing process between the colds, a cold rolling 
process, a ****** process, an edge polish process, a cutting process, a forming cycle, 
an aging treatment process, and a welding operator having a Teflon vacuum 
evaporationo process at least. 

[Claim 6] A presentation by the weight ratio 30.9 - 37.2% of Co(es), 31 .4 - 33.4% of 
nickel, 19.5 - 20.5% of Cr(s), 9.5 - 10.5% of Mo, 0.1 - 0.5% of Mn, In the process which 
manufactures spiral spring using 0.3 - 0.7% of Ti, 1.1 - 2.1% of Fe(s), 0.8 - 1.2% of 
Nb(s), 0.01 - 0.02% of misch metals, and the Co-nickel radical alloy that consists of an 
unescapable impurity The manufacture approach of the spiral spring characterized by 
an annealing process, the wire-drawing process between the colds, a cold rolling 
process, a ****** process, an edge polish process, a cutting process, a forming cycle, 
an aging treatment process, and a welding operator having a Teflon vacuum 
evaporationo process at least. 

[Claim 7] The manufacture approach of the spiral spring characterized by having the 
process which prepares the wire rod which carried out wire drawing between the colds 
to the 30 - 90% of the last workability expressed with the reduction of area by drawing 
out the annealed wire rod in the production process of spiral spring claim 5 and given in 
6 any 1 terms, and carrying out wire-drawing processing with a back tensioned drawing 
machine using a dice. 

[Claim 8] It is the manufacture approach of the spiral spring characterized by 
processing an aging treatment process in a vacuum or nonoxidizing atmosphere at the 
temperature of 400-620 degrees C in the production process of spiral spring claim 5 
and given in 6 any 1 terms. 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention - the power of a small precision mechanical 
equipment, for example, a wrist watch, - it is related with spiral spring and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] the power of a wrist watch ~ since a high output torque 
and endurance, and corrosion resistance are required of spiral spring, high elasticity 
and Co radical alloy of a high corrosion resisting material are used for the ingredient. 
[0003] 

[Problem(s) to be Solved by the Invention] The output torque of spiral spring is 
expressed with the following formula. 

T=Ebt3piN/6LT:output-torque E: - Young's modulus b: of an ingredient - width-of-face 
t: of spiral spring — thickness N: of spiral spring — number-of-active-coils L: of spiral 
spring - the die length of spiral spring — the thickness of spiral spring - Although what 
is necessary is just to use an ingredient with high Young's modulus for obtaining a high 
output torque, without increasing width of face the power for wrist watches excellent in 
the endurance which the Young's modulus of Co radical alloy currently used 
conventionally is 2 20000 to 21 000 kgf/mm, and has Young's modulus higher than this, 
and corrosion resistance — spiral spring - the ingredient was called for. 
[0004] 

[Means for Solving the Problem] In order to solve said technical problem, in this 
invention, the quality of the material of spiral spring was used as the Co-nickel radical 
alloy which has a high mechanical strength and Young's modulus, the outstanding 
endurance, and corrosion resistance. As for a presentation, this Co-nickel radical alloy 
shows one sort of 30 - 40% of Co(es), 27 - 36% of nickel, 12 - 26% of Cr(s), 8 - 1 3% of 
Mo, and Mn, Ti, aluminum and Fe or two or more sorts of each 0.1 - 3%, 0.5 - 3% of 
Nb(s), 0.005 - 0.05% of misch metals, and the Co-nickel radical alloy that consists of 
an unescapable impurity by the weight ratio. 

[0005] The reason limited to the Co-nickel radical alloy which contains 30 - 40% of 
Co(es) and 27 - 36% of nickel here is that there is no OFF chip brittleness and it excels 
in a mechanical strength, fatigue strength, corrosion resistance, and workability. If a 
mechanical strength falls [ Co ] at less than 30% and Co exceeds 40%, it becomes 
hard, and cold-working nature falls and is unsuitable. 

[0006] The reason for having made nickel into 27 - 36% is because the optimal range 
which maintains a mechanical strength and workability is shown. Although Fe also has 
the same effectiveness as nickel, it is made this range in order not to reduce corrosion 
resistance. Since the reason of 12 - 26% of Cr(s) and 8 - 13% of Mo shows the optimal 
range which has corrosion resistance in the conditions containing Co and nickel, it will 
become hard in cold working if corrosion resistance is inferior in it at under this 
minimum and this upper limit is exceeded, and it becomes processing difficulty, it is 
based on an unsuitable thing. Mn helps softening of a matrix on the occasion of the 
effectiveness and solution treatment as a deoxidizer. aluminum has the effectiveness 
which raises the effectiveness and the mechanical strength as a deoxidizer. Ti has the 
effectiveness of grain refining. Although there is effectiveness which raises a 
mechanical strength further, Nb becomes hard too much and is unsuitable if 3% is 
exceeded. A misch metal has the effectiveness which improves hot-working nature. 



[0007] This alloy is ingoted in vacuum melting and wire drawing between the colds is 
carried out to the 30 - 90% of the last workability expressed with the reduction of area 
after forging, hot rolling, wire drawing between heat, solution treatment, wire drawing 
between the colds, and annealing. Since it is hard and deformation resistance is large, 
this alloy is drawn out, and it carries out wire drawing with a back tensioned drawing 
machine using a dice. The wire rod is cold-rolled in the predetermined thickness of 
spiral spring. A wire rod is rolled out here because the rolling direction of an ingredient 
can make the output torque of a set and spiral spring still higher by this in the direction 
where the Young's modulus of a crystal is high. 

[0008] The wire-drawing last workability was made into 30% or more because it was 
good that the rolling direction of an ingredient shows the lower limit in which the 
effectiveness of making a set and the output effectiveness of a spiral spring still higher 
shows up in the direction where the Young's modulus of a crystal is high, and made the 
wire-drawing last workability 90% or less in it even if the toughness of spiral spring falls 
if workability becomes higher than this. Thus, finished rolled stock is ******(ed) to 
predetermined width of face, and spiral spring is made through each process of edge 
polish, cutting, shaping, aging treatment, welding, and Teflon vacuum evaporationo. 
Aging treatment is performed in a 2 - 3-hour vacuum, or nonoxidizing atmosphere at 
the temperature of 400-620 degrees C. 

[0009] drawing 1 -- the power for wrist watches - the example of a configuration of 
spiral spring — moreover, the example of the production process of spiral spring is 
shown in drawing 2 . 
[0010] 

[Function] By the above configurations, it has a high output torque and the spiral spring 

excellent in endurance and corrosion resistance can be obtained. 

[0011] 

[Example] a Co-nickel radical alloy (alloy A) and the former - Co radical alloy (alloy B) 
of use — using — the power for wrist watches — it was processed into spiral spring and 
the property was compared. The presentation of Alloy A and Alloy B is shown in Table 
1 and Table 2, respectively. Moreover, the Young's modulus of Alloy A and Alloy B is 
shown in Table 3. 
[0012] 

TECHNICAL FIELD 



[Industrial Application] this invention — the power of a small precision mechanical 
equipment, for example, a wrist watch, - it is related with spiral spring and its 
manufacture approach. 

PRIOR ART 



[Description of the Prior Art] the power of a wrist watch - since a high output torque 
and endurance, and corrosion resistance are required of spiral spring, high elasticity 
and Co radical alloy of a high corrosion resisting material are used for the ingredient. 
EFFECT OF THE INVENTION 



[Effect of the Invention] it explained above - as — this invention - the output torque of 
spiral spring is high, and since it excels in endurance and corrosion resistance, it is 
used for a small precision mechanical equipment, and has the big effectiveness of 
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being the optimal. 
TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The output torque of spiral spring is 
expressed with the following formula. 

T=Ebt3piN/6LT:output-torque E: - Young's modulus b: of an ingredient - width-of-face 
t: of spiral spring - thickness N: of spiral spring - number-of-active-coils L: of spiral 
spring - the die length of spiral spring - the thickness of spiral spring - Although what 
is necessary is just to use an ingredient with high Young's modulus for obtaining a high 
output torque, without increasing width of face the power for wrist watches excellent in 
the endurance which the Young's modulus of Co radical alloy currently used 
conventionally is 2 20000 to 21 000 kgf/mm, and has Young's modulus higher than this, 
and corrosion resistance — spiral spring — the ingredient was called for. 

MEANS 



[Means for Solving the Problem] In order to solve said technical problem, in this 
invention, the quality of the material of spiral spring was used as the Co-nickel radical 
alloy which has a high mechanical strength and Young's modulus, the outstanding 
endurance, and corrosion resistance. As for a presentation, this Co-nickel radical alloy 
shows one sort of 30 - 40% of Co(es), 27 - 36% of nickel, 12 - 26% of Cr(s), 8 - 13% of 
Mo, and Mn, Ti, aluminum and Fe or two or more sorts of each 0.1 - 3%, 0.5 - 3% of 
Nb(s), 0.005 - 0.05% of misch metals, and the Co-nickel radical alloy that consists of 
an unescapable impurity by the weight ratio. 

[0005] The reason limited to the Co-nickel radical alloy which contains 30 - 40% of 
Co(es) and 27 - 36% of nickel here is that there is no OFF chip brittleness and it excels 
in a mechanical strength, fatigue strength, corrosion resistance, and workability. If a 
mechanical strength falls [ Co ] at less than 30% and Co exceeds 40%, it becomes 
hard, and cold-working nature falls and is unsuitable. 

[0006] The reason for having made nickel into 27 - 36% is because the optimal range 
which maintains a mechanical strength and workability is shown. Although Fe also has 
the same effectiveness as nickel, it is made this range in order not to reduce corrosion 
resistance. Since the reason of 12 - 26% of Cr(s) and 8 - 1 3% of Mo shows the optimal 
range which has corrosion resistance in the conditions containing Co and nickel, it will 
become hard in cold working if corrosion resistance is inferior in it at under this 
minimum and this upper limit is exceeded, and it becomes processing difficulty, it is 
based on an unsuitable thing. Mn helps softening of a matrix on the occasion of the 
effectiveness and solution treatment as a deoxidizer. aluminum has the effectiveness 
which raises the effectiveness and the mechanical strength as a deoxidizer. Ti has the 
effectiveness of grain refining. Although there is effectiveness which raises a 
mechanical strength further, Nb becomes hard too much and is unsuitable if 3% is 
exceeded. A misch metal has the effectiveness which improves hot-working nature. 
[0007] This alloy is ingoted in vacuum melting and wire drawing between the colds is 
carried out to the 30 - 90% of the last workability expressed with the reduction of area 
after forging, hot rolling, wire drawing between heat, solution treatment, wire drawing 
between the colds, and annealing. Since it is hard and deformation resistance is large, 
this alloy is drawn out, and it carries out wire drawing with a back tensioned drawing 
machine using a dice. The wire rod is cold-rolled in the predetermined thickness of 
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spiral spring. A wire rod is rolled out here because the rolling direction of an ingredient 
can make the output torque of a set and spiral spring still higher by this in the direction 
where the Young's modulus of a crystal is high. 

[0008] The wire-drawing last workability was made into 30% or more because it was 
good that the rolling direction of an ingredient shows the lower limit in which the 
effectiveness of making a set and the output effectiveness of a spiral spring still higher 
shows up in the direction where the Young's modulus of a crystal is high, and made the 
wire-drawing last workability 90% or less in it even if the toughness of spiral spring falls 
if workability becomes higher than this. Thus, finished rolled stock is ******(ed) to 
predetermined width of face, and spiral spring is made through each process of edge 
polish, cutting, shaping, aging treatment, welding, and Teflon vacuum evaporationo. 
Aging treatment is performed in a 2 - 3-hour vacuum, or nonoxidizing atmosphere at 
the temperature of 400-620 degrees C. 

[0009] drawing 1 — the power for wrist watches - the example of a configuration of 
spiral spring — moreover, the example of the production process of spiral spring is 
shown in drawing 2 . 
OPERATION 



[Function] By the above configurations, it has a high output torque and the spiral spring 
excellent in endurance and corrosion resistance can be obtained. 
[Example] a Co-nickel radical alloy (alloy A) and the former — Co radical alloy (alloy B) 
of use - using — the power for wrist watches — it was processed into spiral spring and 
the property was compared. The presentation of Alloy A and Alloy B is shown in Table 1 
and Table 2, respectively. Moreover, the Young's modulus of Alloy A and Alloy B is 
shown in Table 3. 

henceforth — the product made from alloy A — spiral spring — this invention — the 
product made from spiral spring and alloy B — spiral spring — a comparison — spiral 
spring will be called. After ingoting each alloy in vacuum melting and passing through 
each process of forging, hot rolling, wire drawing between heat, solution treatment, 
wire drawing between the colds, and annealing, the back tensioned drawing machine 
performed wire-drawing processing of the 60% of the last workability in ordinary 
temperature using the drawing dice made from superhard, and it was made the wire 
rod of 3mm of wire sizes. Edge polish was performed, after rolling out the wire rod in 
thickness of 0.12mm in ordinary temperature and ******(ing) in width of face of 0.95mm. 
[0015] next, die length of 370mm — cutting - fabrication — carrying out — spiral spring — 
sotogake was welded to the edge. Aging treatment was carried out in the 2-hour 
vacuum at 500 degrees C after that, finally vacuum deposition of the Teflon was carried 
out to the front face, and spiral spring was made. This spiral spring was inserted in the 
barrel vehicle, and the property of spiral spring was investigated. The bore of a barrel 
vehicle is 10.60mm and a volume core diameter is 2.80mm. 

[0016] The condition that spiral spring 1 was inserted in drawing 3 on the barrel vehicle 
3 is shown. The sign 2 in drawing is the sotogake of a spiral spring, and a sign 4 is the 
barrel heart. Table 4 — each — number-of-turns N related to the output torque TO. 5 
(output torque in the condition of having come loose by 0.5 hour after winding up spiral 
spring to the limit) of spiral spring, an output torque T24 (output torque in the condition 
of having come loose by 24 hour), and the persistence time is shown. Table 4 shows ~ 
as - this invention — spiral spring — a comparison — it is by TO. 5 and the output torque 
is high 18% by T24 15% compared with spiral spring, moreover - if this is the spiral 



spring of the same output torque - this invention - spiral spring — a comparison - 
spiral spring - comparing — spiral spring — since thickness can be made thin, the 
number of turns of spiral spring can be increased in the tooth space of the limited barrel 
vehicle, and the persistence time of a clock can be developed. 
[0017] 

Next, in order to investigate the endurance of spiral spring, the accelerated test which 
repeats all volume bundle all rewinding [ of spiral spring ] was performed, and the 
number of repeats until spiral spring fractures was investigated. Table 5 — this 
invention — spiral spring and a comparison — the number of repeats to fracture of spiral 
spring is shown, this invention - spiral spring — a comparison — it turns out that many 
numbers of repeats to fracture are excellent in endurance compared with spiral spring, 
moreover, this invention — since spiral spring contains Cr and Mo so much so that it 
may understand, even if it sees an ingredient presentation, corrosion resistance is also 
very excellent. 
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